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OF A 6 BY 3 6 FOOT CLAF..K Y i.fETAL AIR~OIL 
By Clinton 3. Dearborn 
SUI.li·lAR Y 
An investigation was conducted in the ~.A .C.A. fuII-
scale wind tunnel to determine the effects of exposed riv-
et heads on the ae rodynamic c~aracteris t ics of a metal-
covered 6 b y 36 foot Clark Y airfoil. Lead punchi ng s si m-
ulating liS-inch rivet heads were attached in full - span 
rows at a pitch of 1 inch at vario~s cb ord v ositions. 
Tests were roD.de at velocities var y i ng f rom 40 to 120 miles 
per hour to investigate t h e sc a l e e ffect . 
Rivets at the 5 per c e nt c !:'lord p osition on t he uppe r 
surface of tho airfoi l produced t~e g roates t increase in 
drag for a si ngle row. Niue rows of rivets on both sur-
faces, simula.ting rivet spacir.g o f multispar construc t ion, 
increased the dr ag coeff icien ts by a const ant amount at 
vel 0 cit i e s bet IV e en 1 0') an d 1 20m i 1 e s per h our . Ex t rap 0 1 a-
tion of the curves indicates t h at the s ame increase would 
be obtaine d at sp eeds over 1 20 miles per hour . According-
l y, if rivets spaced the same as t h ose on the test ~irfoil 
were used o n a Clark Y wing of 300 square feet area and 
operated at 200 miles p er hour the drag would be increas ed 
over that for t he s mooth wing by 5 5 pounds and the power 
required would be increased by 29 horsepower. The e ff ect 
on the lif t c haracteristics due to the rivets was found 
to be negli gible. 
INTRODUCTION 
One of the most promising possibilit ies of improving 
the performance of airp lanes lies in the reduction of 
drag. A rec ent airfoil investigation conducted in the 
R.A.C.A. variable-density wind tunnel on f u ll-sp an protu-
berances (re fe ren ce 1) a nd on s h ort-span protuberances , 
including wing fittings (reference 2), s h owe d t h at small 
protuberances h ave an important e ff ect on t he aerodynaoi c 
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characteristics of a n airfoil. This inv es t i g at i on was ex-
tended to include the determi nation of the e ff e c ts caused 
by exposed rivet heads of a t y pe c omm on to metal airplane 
wing construction. The latter tests we r e conducted in 
the full-scale wind tunnel on a 6 by 3 6 foo t airfoil. 
Lead punchings formed t o si mu l a te rivet h eads were 
attached to t h e airfoil first in sing le ro ws at var i ou s 
chord positions on the uppe r sur f ace, t h en in nine ro ws 
on the upper surface, and finally in nine rows on both 
surfaces. 
APPARATUS AND ME THODS 
The 6 by 36 foot Clark Y airfoil used in this inves-
t igation is s h own mounted in the t u nnel in Fi gure 1. Two 
s tructural steel H beams wit h steel-ang le con n ecting mem-
b e r s form the primary structure of t h e a i r f oil; the ribs 
a n d skin are of l / 1 6-inch sheet a l u minum. The outer sur-
f ace of the ,s k in was made as smooth a.s p r ac t icable b y the 
use of butt joints and countersunk a tt a chin g screws. Riv-
e t heads were simulated by gluing lead p unch in g s to the 
surface of the airfoil as shown in F i gure 2 . These punch-
ings were ma d e fro m s h eet lead with a di e conforming in 
d i me n sions to the head of a l i S-inch brazier head rivut. 
(Fig . 3.) 
The airfoil was supported 
on the balance by two brace d 
struts shown in Figure 1. All 
members were encased in fai r -
i ngs except the tops of the 
supports and the short struts 
f or changing the an g le of at-
t ack. The exp osed me mbers 
were made as s mall as practica-
b le so that the tare drag would 
be a small percentage of the 
minimum drag of the airfoil. 
Tare-drag tests in which t h e 
airfoil was independently sup-
p orted showed that the drag of 
the supports was only 4 per 
cent of the mi n i mum drag of 
t he plain airfoil at 100 miles 
per hour. A description of 
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Figure 3 . 
t he balance wi ll be given with t he d es c ripti o n 
nel no~ be in g prepared as a Techn ical Rep ort . 
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TESTS 
The effect on the drag of the airfoil of a single 
row of rivet heads at the leading edge, and at 5, 15, and 
30 per cent of the chord back of the leading edge on the 
upper surface was first investigated. The single rows, 
as we ll as the combin a tions of rows at 10 per cent chord 
intervals tested later, extended over tho full span of 
tho airfoil with the rivets spaced 1 inch apart. 
Starting with the 5 per cent chord position, nine 
rows were attached to the upper surface at increments of 
10 per cent of the ch o rd and the drag measured. Nine ad-
ditional rows of rivet heads were later attached to the 
lower surface at the same chord positions as those on the 
upper surface and the drag again measured. The last con-
dition of test is representative of the spacing of rivets 
on metal-covered wings of multispar construction. These 
tests were made at a dynamic pressure of 7.8 pounds per 
square foot, which corresponds to an indicated velocity 
of 55 miles per hour. 
The plain airfoil and the airfoil with the nine rows 
cf rivets on both the upper and lower surfaces were next 
tested at angles of attack in the region of minimum drag 
over a speed range from 40 to 120 miles per hour to in-
vestigate the magnitude of the scale effect. The effect 
of the rivets on lift was investigated by testing the 
airfoils from -So to 21 0 angle of a t tack at a dynamic 
pressure of 16 pounds per square foot (79.2 miles per hour 
indicated velocity). 
RESULTS AND DISCUSSION 
Tunnel jet-boundary corrections have not been applied 
to the r~sults presented in this report because the dif-
ferences in lift were negligible and the differences in 
drag therefore would not be a f fected. 
A comparison of the results obtained from the plain 
airfoil with those obtained with a single row of rivets 
at the various chord positions on the upper surface showed 
that the single roW at the 5 per cent chtrd position pro-
duced the greatest increase in minimum d~ag. This in-
crease in drag amounted to 19 per cent of the minimum drag 
of the plain airfoil. (Fig. 4.) .. 
4 N.A.C.~. Technical Note No. 461 
Tho nine rows of rivets on the upper surface of the 
airfoil at 10 per cent chord interv als extending from the 
5 to 85 per cent chord positions caused a 21 per cent in-
crease in minimum drag . This increase in drag is small 
compared with the increase of about 60 p er cent that would 
be obtainod from the summation of increases in minimum 
drag for single rows shown in Figure 4. The fact that the 
increases in drag due to the single rows failed to become 
additi ve for a combination of the same rows was probably 
due to a serious disturbing effect in the boundary layer 
caused by the first roW of rivets. 
The nine rows of rivets on both surfaces produced an 
increase of 27 per cent in drag. This is less than one-
third more than the amount obtained with the rivets on the 
upper surface alone. 
The preceding results were obtained from tests at 55 
miles per hour. It will be noted in Figure 5 that the in-
crease in mini mu m drag at 120 miles per h our for t he air-
f oil with rivets on both surfaces is only 18 per cent of 
the minimum drag of t h e p l ain air f oil. This diff erence 
in increase of minimum drag may be attributed to scale 
e ff ect; it may be assumed that the same scale effect would 
be present with the single row of rivets at the 5 p er cen t 
c h ord position and with the nine rows on the upp er surface 
alone and that the p ercentag e in c rease in minimum drag for 
these conditions would be proportionally reduced at the 
higher speeds . 
Figure 5 shows a greater scal e effect for the rivet-
ed airfoil than for the p l ain air f oil at the lower test 
velocities. However, a t th e higher velocities this dif -
f erenc e in the s cale effect disappears, re sulting in a 
constant di ff erence in minimum drag. Differences of the 
minimum drag coefficients and drag coefficients corre-
sp onding to the lift coefficients of 0. 1, 0.2, and 0.3 for 
the two airfoils throughcut the speed rang e are plotted 
in F igure 6. Th e increase in the d rag coef ficien t due to 
the rivets is, for p ractical p urp ose s, due solely to an 
increase in t he p rofile dr ag , as indicated b y the paral-
lelism of the p olars in Fi gure 8. Th e difference in drag 
coefficients at velocities between 1 00 and 120 mi les p er 
hour is 0 . 001 8 . I t a pp ears reaso n able to assum e that 
this difference in drag coeff icie nts would remain the same 
at velocities even higher t nan those emp l oy e d for this in-
vesti g a ti on. 
• 
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The e ff eot of t he ri v ets on lift is practically neg-
ligible, as shown in Figure 7. The burbl e anglB occurs 
1 0 earlier with a decrease of abo u t 1 per cent in the max-
i mum lift coefficien t . 
The significance of the increase in profile drag may 
well be illustrated by estimating what effect it would 
have on the p er f ormance of an airplane. For this purpose 
an airp lane with the following s pe cifications was chosen 
and the a ssump tion made that the wing s were metal covered 
with exposed rivet heads on both surfaces in the same lo-
cations as those co v ered by the tosts. 
Win g area 
Wing section 
Engine 
Fuel consumption 
Propulsive efficiency 
High speed 
Cruising speed 
300 sq.ft. 
Clark Y 
500 b.hp 
0.5 lb.!b.hp-hr. 
80 per cent 
200 m. p . h . 
17 0 m.p.h. 
These specifications are representative of a modern 
high-speed transport or a militar y observation airplane. 
The extrapolated drag curve in Figure 6 shows that 
the increase in drag caused by the rivets would be 4 0 
pouhds a t the cruising speed of 170 miles p er h our and 55 
pounds at the high sp eed of 200 mi l es pe r h our. These 
drag forces, taking the propulsive efficiency into account, 
would consume 23 and 37 brake horsepower, respectively, at 
the cruising and h i g h speeds. The i ncre ase in fuel con-
sumption due to the rivets at the cruising speed, based on 
a weight of 6 p ounds p er g allon, would be 1.9 gallons per 
hour. This amount r epresents a bout 7 per cent of the fu el 
consumption at the c ruising speed. The high spe ed would 
be increased f ro m 200 to 205 miles per h our by the eli m-
ination of the expos ed rivet heads • 
CO NCLUSIONS 
1. A single row of rivets located at the 5 per cent 
cherd p osi tion on . the upper surface of the airfoil pro-
duced a greater incr ease in the mi nimum drag than any 
other positfen investigated~ 
2 . Rivets added on the upper surface of the airfoil 
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back of a si ngl e row at the 5 per cent chord pogiti~n had 
little effect on drag . 
3. Nin e roWs of rivets on the lower surface increased 
the drag les s than one-third of the amount that the same 
number of row s did on t h e upper surface. 
4 . ~he effect of rivets on maximum lift was negli -
gi ble. 
5 . Exposed rivet heads of the type and spacing in-
vestigated would hav e an appreciable detr imental effect 
on the fue l consumptirn an d high speed of an airpl ane. 
Langley Memorial Aeronautical Laboratory, 
Nati onal Advisory Co mmittee f or Aer on au tics, 
Lang ley Field, Va . , February 4, 1333. 
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Fi~ure I.-The 6 by 36 foot Clark Y airfoil mounted on balance . 
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